Background: Mitochondrial diseases are a group of multisystem heterogeneous diseases caused by pathologic dysfunction of the mitochondrial respiratory chain. A wide range of clinical expression has been described. However, pulmonary hypertension has rarely been described in association with mitochondrial disease until the past decade, and there is no currently recognized treatment for the pulmonary hypertension complicated with mitochondrial disorder.
Introduction
Mitochondrial diseases are a group of multisystem diseases caused by pathologic dysfunction of the mitochondrial respiratory chain. [1] These diseases are a clinically heterogeneous group of disorders, and may present at any age. [2] Clinical symptoms originating from all organ systems have been described, predominantly affecting highly oxidative tissue such as heart, muscle, and brain. [3] Cardiorespiratory complications have previously been described in association with mitochondrial respiratory chain defects. Hypertrophic cardiomyopathy and cardiac conduction defects are the commonest cardiac abnormalities associated with mitochondrial disease. [2] [3] [4] [5] Pulmonary hypertension as a manifestation of mitochondrial disease has been considered rare until the past decade. Most reports are cases not large clinical research, and the mechanism of pulmonary hypertension complicated with mitochondrial disorder remains unclear. A causal relation could be explained by cellular proliferation from mitochondrial dysfunction, and decreased production of reactive oxygen species. [6] The clinical presentation of mitochondrial disorders is extremely heterogeneous [3] and combined with the large number of causal genetic and environmental factors, which makes their diagnosis and therapy challenging. A multifaceted approach including histopatholgical and electron-microscopic examination, enzymatic assays, and, where relevant, identification of specific mtDNA (mitochondrial DNA) or nuclear mutations should be required to diagnosis of respiratory chain defects. [7, 8] As a result of their genetic and biochemical heterogeneity, mitochondrial disorders present therapeutic challenges. The treatment of pulmonary hypertension complicated with mitochondrial disorder is unknown. We reported a case of pulmonary hypertension complicated with mitochondrial disorder.
Case report
A 15-year-old boy who had a history of normal birth, was admitted to our clinic for progressive dyspnea, generalized muscle weakness for 5 days after a cold. He complained of shortness of breath and exercise limitation. Physical examination revealed him to be emaciated, with a weight of 36 kg and a height of 162 cm; body mass index was 13.7. His pulse was 105 beats/ min and blood pressure 100/68 mm Hg. He had an accentuated second pulmonic heart sound. Neurological examination revealed bilateral lower limbs weakness, decreased muscle tone, and tendon reflexes. Babinski signs were negative. The blood gases analysis indicated that PaO 2 was 88 mm Hg and PaCO 2 was 57 mm Hg in breathing room air. The lung function damage is very severe limitation ventilation dysfunction. The pro-brain natriuretic peptide level was 3311 pg/mL (normal <300 pg/mL). The results of the thyroid functional tests, autoimmune antibodies parameters, and antineutrophil cytoplasmic antibody tests were within the normal range. The transthoracic echocardiography showed right atrial enlargement, mild tricuspid regurgitation, and mild pulmonary hypertension with the right ventricular systolic pressure (RVSP) 62 mm Hg. The chest computed tomography (CT) scan images showed bilateral pleural effusion and pulmonary artery widened (Fig. 1) . The computer CT pulmonary angiography result was negative for pulmonary embolism. Right heart catheter showed pulmonary hypertension with a mean pulmonary artery pressure at 41 mm Hg and pulmonary artery wedge pressure of 16 mm Hg.
The initial diagnosis was idiopathic pulmonary arterial hypertension. Because of carbon dioxide retention, the patient was treated with noninvasive positive pressure ventilation. In terms of drug therapies, he was received digoxin, furosemide, and an injection of vasodilator (Treprostinil), which is a stable, longacting prostacyclin analog, and has been shown to improve clinical state, functional class, exercise capacity, and quality of life in patients with pulmonary arterial hypertension. [9] After treatment, blood gas analysis indicated the partial pressure of carbon dioxide improved. However, the clinical symptom and signs of the patient did not show any response, and the dyspnea and fatigue worsened. Why using targeted therapy for pulmonary hypertension had poor effects in this patient, and weather he had some underlying condition? Stopping Treprostinil injections and tracing back his history, the patient had short stature, was underweight, and had poor physical fitness at an early age, which was similar to his mother, who had mitochondrial diseases carrying A3243G mutation. So, further examination was carried out for him. The serum creatine kinase level was 604 U/L (normal 50-310 U/L). The lactate in serum was 13.9 mmol/L (normal 0.90-1.70 mmol/L). Electromyography and nerve conduction studies revealed unusual results. Muscle biopsy was conducted for him, and the results (Fig. 2) showed many ragged red fibers by modified gomori trichrome staining, which conformed to mitochondrial disease. Finally, the diagnosis of mitochondrial disease was confirmed, and the patient was further treated with vitamin E (100 mg once daily for 14 days), Vitamin B2 (500ug once daily for 14 days), ATP (20 mg twice daily for 14 days) and 
Discussion
Mitochondrial disorders are caused by pathologic dysfunction of the mitochondrial respiratory chain. Clinical symptoms originating from all organ systems have been described, but pulmonary hypertension as a manifestation of mitochondrial disease has been considered rare until the past decade. Among them, progressive dyspnea and exercise limitation were presented as main clinical manifestations in this type of patients, which were similar to the patients with idiopathic pulmonary arterial hypertension, leading to misdiagnosis between these 2 conditions.
As we know, pulmonary hypertension is distinguished by increased pulmonary arterial pressure and secondary right ventricular failure. The gold standard for diagnosis of pulmonary arterial hypertension is right heart catheter. [10] Based on etiology, the World Health Organization classified pulmonary hypertension into 5 groups [11] : group 1-pulmonary arterial hypertension; group 2-pulmonary hypertension owing to left heart disease; group 3-pulmonary hypertension owing to lung diseases or hypoxemia; group 4-chronic thromboembolic pulmonary hypertension; and group 5-pulmonary hypertension with unclear multifactorial mechanisms.
Nowadays, the mechanisms of pulmonary hypertension complicated with mitochondrial disorder are unknown. It may be related to the damage of small pulmonary arteries and hypoxia-induced vasoconstriction. The former was similar to the pathological changes of idiopathic pulmonary arterial hypertension, and the latter was similar to group 3 which failed to respond to target therapy, and that may be the reason why the Treprostinil did not improve the clinical symptoms at all of the patient in our case.
Mitochondrial disorder is a multisystem heterogeneous disease that has both genetic and acquired factors. Because of unique genetic mechanism and self-organized DNA, mitochondria are different from other cellular compartments playing the role of energy conversion transformation inside eukaryotic cells. With the development of genetic diagnosis, the mutation of mtDNA has been considered to be related with various mitochondria diseases. [12, 13] Among them, A3243G mutation in mtDNA is the most common pathogenic point mutation, especially in mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS). Similar to the case like the patient's mother, although with negative A3243G mutation, the patient showed the same clinical symptoms of mitochondrial diseases such as shortness of breath, exercise limitation dyspnea, and lower body weight, but denied typical features of MELAS including strokelike episodes, dementia, epilepsy, and vision loss. These results support the maternal inheritance pattern of A3243G mutation, consistent with previous reports, [14, 15] which meanwhile show the diversity of the phenotype. However, the mechanisms for phenotypic differences are not yet fully understood, and it is recognized to be related to both the proportion of mutant and wild-type mtDNA and the oxygen consumption in the tissue. [16, 17] As a result of their genetic and biochemical heterogeneity, mitochondrial disorders present therapeutic challenges. Many experimental therapies have been explored, with varying success. [18] In several previous clinical trials, therapy with coenzyme Q10 and multiple vitamins has shown only subjective or no benefit at all. [19] [20] [21] However, several case reports using a "cocktail" of supplements have shown clinical and biochemical improvements after treatment. [22] [23] [24] For pulmonary hypertension complicated with mitochondrial disorder, rare relevant treatment research has been reported. In our case, the target therapy of pulmonary hypertension was ineffective. Finally, the patient has shown improvement after treatment with vitamin E, vitamin B2, ATP, and coenzyme Q10. What is the optimal treatment strategy for this kind of patient? This is a problem which needs to be resolved.
Although the case report has shown transient improvement after treatment, the clinical effects remains to be seen, and the follow-up schedule is necessary and useful for us to assess the clinical benefits more objectively. Apart from this, because of some privacy concerns and economic reasons, the case lacks a detailed family history and a full-genome scan. Moreover, we wish that large number of case studies and clinical trials can be carried out in the future.
Conclusions
According to the guideline, [11] mitochondrial respiratory chain defects was not include as a known cause of pulmonary hypertension. Here, we reported a case of pulmonary hypertension complicated with mitochondrial disease. Pulmonary hypertension maybe a potential manifestation of mitochondrial disease. Though the mechanism and treatment for pulmonary hypertension which complicated with mitochondrial disease are unclear. Further study would be necessary.
